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(54) Radiation Image read out method and apparatus 



(57) A radiation image that has been stored in pho- 
tostimufable phosphor screen comprising a divatent 
europium activated cesium halkie Is read out by stimu- 
iattng the phosphor screen by means of stimulating radi- 
ation, detecting light emitted by the phosphor screen 
upon stimulation and converting the detected light into a 



signal representation of said radiation image. After read 
out the phosphor screen Is erased by exposing ft to 
erasing light emitted by at least one electroluminescent 
lamp or tsy an array of light emitting diodes. 
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Description 

FIELD OF THE INVENfTlON 

5 [0001] The present Invention relates to a method and a system of reading a radiation image that has been stored 
In a photostimulabfe phosphor screen, wherein the photostimulable phosphor screen can be re- used. The Invention fur- 
ther relates to a re-usable radiation detector. 

BACKGROUND OF THE INVENTION 

10 

[0002] Radiation image recording systems wherein a radiation image is recorded on a photostimulable phosphor 
screen by exposing said screen to image-wise modulated penetrating radiation are widely used nowadays. 
[0003] The recorded image is reproduced by stimulating the exposed photostimulable phosphor screen by means 
of stimulating radiation and by detecting the light that is emitted by the phosphor screen upon stimufation and converting 
IS the detected light Into an electrical signal representation of the radiation Image. 

[0004] In such a system it is preferred, In view of economy, that the stimulaWe phosphor saeen can be used In 
many imaging cycles. 

[0005] The reuse of the Stimulable phosphor screen is possible when the prevlousty stored radiation image Is 
erased to a sufficient extent 

20 [0008] When reading out an image by scanning a phosphor screen that has been exposed to penetrating radiation, 
less than 90% of the stored energy Is released. Thus there arises a problem that, upon reuse, part of the radiation 
image Is still stored in the phosphor screen and can appear In the subsequent image as a so^tled ghost image. 
[0007] In general medical radiography, Images are made with wideiy differing X-ray doses. 
[0006] To make inrmges of extremities, like e.g. fingers, doses are used of the order of 1 mR. On the other hand, 

25 Images of internal organs, like the stomach are made with X-ray doses that may be as high as 300 mR. 

[0O09] To avoid ghosting, when making a 1 mR Image immediately after a 300 mR Image, the signal of the first 
Image must be reduced by more than a factor of 300. 

[0010] As a matter of feet, a dynamic range Is desired in the second image of at leaist 1 00. This implies that the sig- 
nal created by the first Irradiation must be reduced by a factor of at least 3. 10^, whtoh is equivalent to requiring an eras- 
30 ure depth of 1/(3.10*)= 3.3.10-5 

[0011] According to USP 3,859,527 (column 4, tines 5-7) the phosphor can be reduced to neutral state by actions 
tike a uniform illumination, In^dlatlon or heating. 

[0012] In commercial systems, the phosphor screen Is erased by illumination with visible light. 
[0013] Commonly Incandescent lamps are used because they are cheap, high power light source. High power 
35 light sources are selected, because in order to guarantee a high through-put scanning system, the phosphor screen 
must be erased In a short time. High power tamps, however, generate a lot of heat, whtoh nrmy destabilise the scanner 
to read out the storage phosphor screens. In on:fer to sufficiently remove the heat generated by the high power lamps 
the size of the erasing unit has to be rather targe. 

[0014] Furthermore, in case Incandescent lamps are used in an erasure unit of a phosphor read out apparatus, the 
40 dimensions of the phosphor erasure unit are determined by the dimensions (more specifically the diameter) of the 
Incandescent lamps. 

OBJECTS OF THE INVENTION 

45 [0015] It Is an object of the present invention to provide a method and a system for reading a radiation image on a 
photostinrTUlabie phosphor screen wherein the screen Is erased In between successive recordings to an adequate 
extent so as to permit re-use of the screen. 

[0016] It is a further object of the present invention to provide such a system that is compact and has at the same 
time a high throughput 
so [0017] Still another object is to provide a compact re-usable radiation detector. 
[0018] Further objects will become apparent from the description given below. 

SUMMARY OFTME INVENrTION 

55 [0019] The inventors have found that the above mentioned objects are realised by a method of reading a radiation 
Image that has been stored in a photostimulable phosphor screen comprising the steps of 

(1) stimulating said phosphor screen by means of stimulating radiation, 
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(2) detertlng fight emitted by tfte pho^^ and converting the detected light into a signal 
representation of said radiation Image, 

(3) erasing said phosphor screen by exposing It to erasing Pght, wherein 

(4) said phosphor is a dh^tent europium activated cesium halide phosphor wherein said hallde is at least one of 
5 chloride and bromide, and 

(5) said erasing light Is emitted by at least one electroluminescent lamp. 

[0020] In this document the term 'radiation' has to be understood as any penetrating radiation and Includes irradi- 
ation originating from a radioisotope (e.g, Co60. tr1 92. Se75, etc.), radiation created by an X-ray generator of any type, 
70 radiation and high energy particles created by a high energy radiation genenator (e.g. Betatron), radiation from a sample 
labelled wHh a radioisotope as is the case in e.g. autoradiography. 

[0021 ] An electroluminescent lamp can be In the fomn of an electroluminescent film based on an Inorganic electro- 
luminescent phosphor, e.g. ZnS:Mn. or an electroluminescent film based on organic light-emitting diodes (OELDs). 
[O022] The use of electroluminescent lamps in the present invention is advantageous in that these lamps are ideal 

15 for uniform ilJumination applications. 

[0023] While eliminating the need for sockets, bulbs, diffusers and reflectors, these tanops provide untform lighting 
across the entire lamp surface. The lemps are a cold light source, so little heat Is added to the assembly. 
[0024] Most light emitting devices vary in luminance according to the direction. Electroluminescent lemps have 
essentially the same luminance independent of angle, i.e. an electroluminescent lamp is a Lambertian emitter. 

20 [0025] Moreover, electroKjmlnesent tamps can be made with an emitting surface that Is of the same size as the sur- 
face of the phosphor screen that must be erased. This makes It possible to erase phosphor screens In a very homoge- 
neous way. 

[0026] Nevertheless a prejudice exists against the use of electroluminescent lamps as erasing light source In a pho- 
tostlmulable ]:^osphor read out system because the power of the light sounse is low and consequentially these lamps 
25 are thought to be inadequate for obtaining a sufficient erasure depth so as to enable re-use of the photostimulable phos- 
phor screen. 

[0027] The Inventors have found that by using a specific phosphor, more specificalty a divalent europium activated 
caesium halide phosphor, wherein said halide Is at least one of chloHde and bromide, erasure to a sufficient extent can 
be obtained with a low power and compact electroluminescent lamp. In this way the erasure device can be made very 
30 compact without implying a longer erasure time and consequentially a tower throughput 

[0028] Another aspect of the present Invention relates to a radiation knage read out apparatus as set out In claims 
8 to 12. 

[0029] The compactness of an erasure unit which comprises an electroluminescent lamp makes It appropriate for 
integration in a radiation detector according to the present Inverttion. 

35 [0030] Stilt another aspect thus relates to a radiation detector as set out In claim 13 and following claims. 
[0031] Specific features for preferred embodiments of the invention are disclosed in the dependent claims. 
[0032] In a first embodiment of the method, of the system and of the detector according to the present Invention 
(an) electroluminescent iamp(s) is(are) used that ls(are) based on Inorganic electroluminescent phosphors as e.g. 
ZnS:Mn, ZnS:Cu, CaS:Eu. CaS:Ce. 

40 [0033] These electroluminescent lanrrps can have an optteal power of upto ca. 0.3 mW/cm^. 

[0034] Furthermore, by adjusting the phosphor composition and the operating frequency of the lamp, the light spec- 
trum emitted by the electroluminescent lamp can be matched with the erasure spectrum of the phosphor. Hence, elec- 
troluminescent lamps lead to higher erasure depth as Incandescent lamps at equal optical power while having much 
smaller dimensions and dissipating less heat 

45 [0035] It will further be explained tiiat an optical energy of 1 0 mJ/cm^ Is needed to erase a CsBrrEu^* phosphor to 
a suffk?iem extent. This implies that ttie CsBrEu^* phosphor can be erased with an electroluminescent lamp In about 
35 s. 

[0036] When compared with tiie energy needed to erase a commercially available BaFBr.Eu^* phosphor screen, 
denoted by the trade name MD-10 of Agfa-Gevaert N.V., at least 100 times more energy would be needed for erasure, 
so This would corresponds to an erasure time of ca 1 hour. An erasure process of this duration would be unacceptable for 
commercial purposes. 

[0037] The use of an electroluminescent lamp In combination with a CsBr.Eu^"*" phosphor Is furthermore advanta- 
geous In that this combination provides very homogeneous erasure in a compart erasure unit. 
[0038] When compared with a situation wherein a BaFBr:Eu^'*' phosphor would have been used, a similar result 
55 could only be obtained with very long erasure times, which Is highly impractteal. 

[0039] Erasure of the CsBrEu^"^ phosphor screen can take place In a compact erasure unit in the digitiser. The 
electroluminescent lamps being very flat, however, erasure can also take place In the cassette, or In a box, In which the 
storage phosphor screens are stored, in this way a re-usable radiation detector can be made. 
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[0040] ' In a seOTTdwEod^ electroluminescent lanip (OELD) Is used. Although this type of elecfro- 

luminescent tamps is nrtore expensive, It Is even more suited for use In a storage phosphor erasure unit because this 
type of lamps allows even shorter erasure times as wlH be explained below. 

[0041] Organic electroluminescent devices are either based on vacuum-evaporated small organic molecules or on 
5 polymers. The former class of organic electroluminescent lamps are usually called OELD, the tatter Polymer ELD. 
[0042] The most simple organic electroluminescent lamp structure consists of a single layer between two surtal>l6 
contacts: for the hole-Injection anode ITO (Indium Tin Oxide) is frequently used while for the electron-injection cathode 
a Mg-Ag alloy, Al or Ca is used. 

[0043] The operation is as follows: In organic electroluminescent lamps electrons and holes are Injected into a 
10 rather well Insulating layer, where they recombine via a process that leads to the emission of a photon. 

[0044] The organic electroluminescent lamp has a very thin layer (about 100 nm) and the voltage is low (< 1 0V). 
[0045] For a voltage of ca. 10 V, organic electroluminescent devices reach an efficiency of ca. 2 mW/cm^. This 
means that the optical power of these devices is an order of magnitude higher than the optical power of inorganic elec- 
troluminescent lamps. With organic electroluminescent devices the erasure time can therefore be reduced by an order 
rs of magnitude, which brings the erasure time down to ca. 5 s. This duration Is adapted for use In actual conrtmerdal scan- 
ners for storage phosphor screens. 

[0046] Another aspect of this invention relates to the use of tight emitting diodes (LED) as erasing light source(8) In 
a photostimulable phosphor read out nr»ethod. system and detector as set out In claims 4. 9 and 14. 
[0047] Arrays of light emitting diodes are almost equally compact as electroluminescent lamps. In addition they 
20 have a higher optical power This implies that they are very suitable for the construction of a compact erasure unit that 
will erase the phosphor plate very homogeneously. 

[0048] By using a specific phosphor, more specificaily a divalent europium activated cesium halide phosphor, 
wherein said halide Is at least one of chloride and bromide, erasure to a sufficient extent can be obtained with a low 
power and compact light emitting diodes within a short period of time. In this way the erasure unit can be made very 

2S compact wrthout implying a longer erasure time and consequentially a lower throughput 

[0049] Ught emitting diodes with a size of 3 mm x 3 mm may have a luminance of upto 500 mCd. Arrays of such 
light emitting diodes will have an optical power of 5 Cd/m^. This conresponds to ca 50 mW/cni^. 
[0050] An erasure unit, made up of an LED array with an emitting area of ca. 60 cm^ can be used, therefore, in 
order to erase a CsBr.Eu^ In 5 s. Alternatively an LED array wfth an emitting area of 300 cm^ can be used to erase a 

30 CsBr. Eu^* screen of 43 cm x 35 cm in 1 s. 

[0051] The present invention as well as specific and/or preferred embodiments hereof will be explained In the 
detailed description given below. Particular aspects will be illustrated by the drawings enumerated hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0062J 

Rg. 1 shows a first embodiment of photostimulable phosphor read out apparatus, refen^ed to as scan-head type. 
Rg. 2 schematically shows the position of the stimulating light source and the erasing light source in the embodi- 
40 ment of figure 1, 

Fig. 3 shows an emt)odiment of a radiation detector according to the present invention. 

DETAILED DESCRIPTtON OF THE INVENTION 

45 [0053] An embodiment of a read out apparatus according to the present invention is shown in figure 1 . This embod- 
iment Is referred to as the scan-head type. 

[0C»4] The read out unit comprises a linear tight source (1 5) for emitting stimulating light onto the photostimulable 
phosphor screen. 

[0055] This linear light source comprises e.g. 10 to 20 individual laser diodes arranged in a row, the light which is 

so enriitted being projected onto the screen through a cylindrical tens. 

[0056] The read out unit furtiner comprises a fiber optic plate (1 6) for directing light emitted by the phosphor screen 
upon stimulation onto a linear amay of sensor elements (1 7), more particularly charge coupled devices. The fiber optic 
plate (1 6) comprises a number of parallel mounted light guiding fibers ananged so as to guide the light emitted by each 
individual element of an Illuminated line onto a sensor element 

55 [0057] Alternatively the fiber optic plate can be replaced by an anrangement of setfoc lenses or mlcrolenses. 

[0058] Alternatives may also be envisaged for the linear tight source. This linear tight source can be replaced by a 
*flylng spot light source. The light emitted by this light source is then deflected e.g, by a rotatable polygon mirror onto a 
scan line on the phosphor screen. In this way one point of this line at the time Is Illuminated. 
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^ ^ '-^[ObSSl] in ihe emSdyiment shown In figure 3 tfielnear Hgfrt sbu«» on brie sWe of the phosphor screen, 

the fiber optic plate and the flnear array of sensor elements being arranged on the opposite side. Either of these ele- 
ments extends in the direction of a scan fine. 

[0060] During read out. the phosphor screen on the one hand and the assembly of fiber optic plate and sensor array 
s on the other hand are displaced relative to eachother in the direction of arrow (1 8). 

[0061 1 In still another embodiment which is not shown the array of stimulating light sources, the fiber optic plate and 
the sensor array are arranged at the same side of the photostimulabie phosphor screen. 

[0062] After read out the photostimulabie phosphor screen is erased so that the energy remaining in the screen 
after read out Is released and so that the screen is in a condition for re-use. 
10 [0063] In the type of read out apparatus wherein stimulation is perfomned by means of light emitted by a linear light 
source extending parallel to a scan line on the stimulable phosphor screen, the erasure unit preferably forms part of the 
read out unit. 

[0064] in the embodiment shown in figure 1 , the erasing light source is part of an assembly comprising the stimu- 
lating light source and the light guiding and light detecting means. The position of the stimulating Tight source and of the 

15 erasing ilght source is shown schemaOcaity in figure 2. 

[0065] In one embodiment according to the present Invention tha erasing section comprises a rectangular array of 
LEDs wim an emitting area of between 15 and 300 cm^ emitting light in the waveiengtfi range of 600 to 760 nm. The 
required area depends on the desired erasure time: ttie larger the area, tiie shorter will be the required erasure time. 
The number of LEEDs In the array depends in ttie size of the LEDs and Is typically in the order of 60 to 2000. 

20 {0066} The an-ay of light emitting diodes is an^nged parallel to the linear anay of stimulating light sources. The 
erasing light source and the array of sources of stimulating light are transported past the inriage that is read at the same 
transportation speed in between 30mm/sec and 250 mm/sec. In this way the erasing light source illuminates a line of 
the image after it has been subjected to read out 

[0067] in an alternative embodiment according to me presertt invention the erasure unit comprises an electrolumi- 
25 nescent lamp. As has been described higher, tills type of lamp constitutes a fiat light emitting surface. Such a surface 

or area can be provided in a separate erasing unit through which the, phosphor screen is trarsported after having bedn 

read out so that the screen is subjected to erasing light emitted by the electroluminescent lamp. 

[0068] However, alternative embodknents may be envisaged. The electroluminescent lamp may for example be 

part of the read out assembly itself, it may for example be part of the cover of the apparatus. In such an embodiment 
30 the electroluminescent lamp is activated once read out is finished. 

[0069] Another aspect of tiie present invention relates to a re-usabJe radiation detector. This type of detector is 

shown in figure 3. 

10070] The detector comprises an enclosure (22). 

[0071] Within the enclosure a photostimulabie phosphor screen (23) Is positioned. This screen preferably com- 
as prises a divalent cesium hallde phosphor, wherein said halide is at least one of chloride and bromide. This phosphor 
has very good erasibility characteristics and additionally provides optimal sharpness. 

[0072] The enclosure further comprises at least one source of stimulating light (24) arranged for stinujiating said 
phosphor screen and an array of transducer elements (25) capturing light emitted by the phosphor upon stimulation and 
tor converting said light into an electrical signal representation. In the embodiment tiiat is illustrated a linear an^ of 
40 stimulating light sources Is used, more specifically an an^ of iaser diodes. The illustrated embodiment further com- 
prises a linear an^y of transducer elements more specifically charge coupled devices. 
[0073] The enclosure furtiier comprisee an erasing light source. 

[0074] In one embodiment the erasing light source Is a linear erasing Pght source (26), more specifically an arrec/ 
of 50 to 2000 indh/iduai light emitting diodes emitting light in the wavelength range of 600 to 750 nm and covering an 
45 emitting area of 1 5 to 300 cm^. The anray is arranged substantially parallel to tt^e stimulating light source. 

[0075] In another embodiment the erasing tight source Is an electroluminescent lamp which is arranged so as to be 
able to Illuminate the entire phosphor screen area when it is activated. The lamp is activated once the read out of the 
screen is terminated. 

[0076] This type of lamp can for example be provided on the inner surface of the part of enclosure (22) which faces 
so the photostimulabie phosphor screen. Such an embodiment can be made very compact 

[0077] Alternatives, such as the provision of a separate erasing unit which is positioned adjacent to the readout unit 
so that the screen is transported from tt^e read out unit to the erasing unit are possible. 

[0078] The enclosure further comprises means (not shown) for transporting the assembly (27) of stimulating light 
source and array of transducer elements and occasionally the erasing light source relative to the phosphor screen in a 
55 so-called sub-scan direction, Indicated by arrow (28). 

[0079] Means (29) are further provided for communicating tine electrical signal representation output by the an^y of 
transducer elements to an extemal signal processing device, 

[0060] In tills embodiment ttie stimulating light source and tiie array of transducer elements are arranged on oppo- 
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site sides of the phosphor screen^' ' ' "^'^ — 

[00B1] In alternative ennbodmnents these items may be arranged on the same side of the phosphor screen. 
[0082] The stimulaWe phosphor screen in the several embodiments of the present Invention comprises a divalent 
europium activated cesium hallde phosphor. Such a phosphor Is known in the art and has for example been disclosed 
5 In EP-A-1 74 875 (and US 5,028,509). The phosphor is especially well suited for manufacturing 'binderless* phosphor 
screens. Binderless phosphor screens provide optimal sharpness. They further have very good erasiblfity as will be 
shown furtheron. 

p)083] It Is advantageous to use a CsX:Eu phosphor wherein X represents a halide selected from the group con- 
sisting of Br and Cl, which Is obtained by the following method: 

10 

mixing CsX with between 1 0'^ and 5 moi % of a Europium compound selected from the group consisting of EuX 2, 
EuX'3 and EuOX', X' being a member selected from the group consisting of F, Cl, Br and I, 

- firing the mixture at a temperature above 450 "C 
cooling said mixture and 

15 - recovering the CsX:Eu phosphor. 

[0084] A phosphor that has been obtained as a result of the above method of preparation has an increased conver- 
sion efficiency compared to the state of the art divalent europium activated cesium halide phosphor. The phosphor can 
be stimulated by means of a lower amount of stimulation energy. 
20 [0085] A photostimulabte phosphor screen using such a phosphor Is preferably obtained by the method of 

- preparing said CsX:Eu phosphor by firing a mixture of said CsX with between 1 0-3 and 5 md % of an Europium 
compound selected from the group consisting of EuXg. EuX'3 and EuOX', X' being a hallde selected from the group 
consisting of F, Cl, Br and I and 

25 - applying said phosphor on a substrate by a method selected from the group consisting of physical vapour deposi- 
tion, thermal vapour deposition,, chemical vapour deposition, radio frequency deposition and pulsed laser deposi- 
tion. 

[0086] This method of preparation Is advantageous because it allows to deposit the phosphor In the form of needle- 
30 shaped crystals. These needle-shaped phosphor crystals act as light guides so that they reduce the lateral spreading 
of light in ttie phosphor layer. Reduced lateral light spread leads to Images of higher resolution. 
[0087] Alternatively a phosphor screen containing a CsX:eu stimulable phosphor, wherein X represents a halide 
selected from the group consisting of Br and Cl can also be manufactured by performing the steps of : 

35 - bringing multiple containers of said CsX and an Europium compound selected from the group consisting of EuX'g, 
EuX'3 and EuOX', X* being a halide selected from the group consisting of F, Ci, Br and I in condition for vapour dep- 
osition and 

- depositing, by a method selected from the group consisting of physical vapour deposition, thermal vapour deposi- 
tion,, chemical vapour deposition, electron beam deposition, radio frequency deposition and pulsed laser deposi- 

40 tion, both said CsX and said Europium compound on a substrate In such a ratio that on said substrate a CsX 
phosphor, doped with between 1 or^ and 5 mol % of an Europium compound, Is formed. 

[0088] This method is advantageous because It allows to deposit the phosphor In the fonn of needle-shaped crys- 
tals. These needle-shaped phosphor crystals act as light guides so that they reduce the lateral spreading of light in the 
45 phosphor layer. Reduced lateral light spread leads to images of higher resolution. 

[0089] The above-described specific phosphors as well as their methods of preparation have been disclosed in US 
provisional applications 60/159,004 and 60/142,276 which are incorporated herein by reference. 

Measurements of eraslbllity 

so 

[0090] The erasabllity of a CsBrEu screen was measured In comparison to a commercial MO-1 0 (trade name of 
Agfa-Gevaert N.V.) BaFBr:Eu screen of Agfa-Gevaert N.V. 

Sqmpfe pr^parqtlpn 

55 

[0091] The CsBrEu screen was produced in the following way: 

[0092] A CsBr:Eu sample screen was made via tiiennal vapour deposition of CsBr and the EuOBr. To this aim, 
CsBr was mixed with EuOBr and placed In a container In a vacuum deposition chamber. The phosphor was deposited 
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on a glass disk with a thlctoieS^ sub- 
strate was 10 cm. During evaporation, ttie substrate was rotated at 12 rpm. 
[0093] The substrate temperature was ca. 200* C at the start of the evaporation process. 
[0094] The container was heated to a temperature of 750° C. 
5 [0095] Before the start of the evaporation, the chamber was evacuated to a pressure of 4.10*^ mbar. During the 
evaporation process. Ar was introduced in the chamt^r and the Ar gas pressure was 1 .6 10'^ mbar. 
[0096] The resulting screen had a thickness of B50m. 

[0097] The Eu-concentnation in the evaporated screen was measured with X-ray fluorescence. At the substrate 
side, the phosphor contained 400 ppm of Eu and at the surface side 800 ppm. 

10 

Measurement procedure: 

[0098] In a first measurement, troth screens were horrwgeneously in^diated with a dose of ca, 50 mR at 80 kVp. 
[0099] The screens were read out tn a flying spot scanner. The scanning light source was a 30 mW diode laser 
15 emitting at 690 nm. A 4 mm Hoya BG-39 (trade nane) filter was used to separate the stimulation light from the light 
emitted by the phosphor screen. The scan-average levels (SAL) were detenmined as the average signal produced by 
the screens In the photomuttipller tube. The results of this measurement was a SAL1 value for the CsBrEu^'^ screen 
and a SAL1 value for the MD-10 screen {Table 1). 

[0100] In a second measurement, the MD-10 screen was homogeneously inradiated with a dose of ca. 44 also 
20 at 80 kVp. 

[0101] Next, the screen was erased with a 500 W (electrical power) quartz-halogen lamp for 1 s. The light Intensity 
at the screen position was measured using a photometer and was 12 mW/cm^. After erasure, the screen was read out 
with the above-described scanner, and the SAL was nr>easured. This measurement yielded the SAL2 value for the MD- 
10 screen (Table 1). 

25 [0102] Erasure depth, defined as the SAL after erasure divided by the SAL prior to erasure was calculated using 
the equation: 

Ed = SAL2 X 50 / (SAL1 x 44,000) (1 ), 

30 Where the factor 60 / 44,000 corrects for the difference in dose In the measurements 1 and 2. (Different doses 

were selected In order to enable.lmage detection in all cases without having to adapt the sensitivity settings of the pho- 
tomultlpller). 

[0103] In a third measurement the CsBr:Eu^"*" screen was homogeneously irradiated with a dose of ca. 1 66 R, also 
at 80 kVp. Next, the screen was erased with the 500 Watt quartz-halogen lamp for 1 s. The light Intensity on the screen 
35 was. again, 12 mW/cm^. 

[0104] After erasure, the screen was read out with the above-described scanner, and the SAL was determined. 
This measurement yielded the SALS value for the CsBrEu^"*" screen (Table 1). 

[0109] Erasure depth, defined as the SAL after erasure divided by the SAL prior to erasure was calculated using 
the equation; 

40 

Ed = S AL3 X 50 / (SAL1 x 1 66,000) (2), 
where the factor 50 / 166,000 corrects for the difference In dose in the measurements 1 and 3. 

45 

Table 1 



Measured SAL values and calculated Ed values 
for MD-1 0 and CsBnEu^* screens 




MD-10 BaFBr:Eu2*- 


CsBnEu2+ 


SAL1 


440 


1,180 


SAL2 


2.800 




SALS 




290 


Ed 


7.10-3 


7.10-5 



[0106] It is clear that CsBriEu has a much better erasability than Ihe commerclat BaFBrEu^*^ phosphor. As a con- 
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sequence, much less erasure power is needed to eiBse the C66rEu^storage~pK^^ 

[0107] Hence, the object of the present Invention can be acconiplished by making an Imaging system based on 
CsBr:Eu Instead of BaFBriEu. 

10108] In a fourth set of measurements, the CsBr:Eu^"^ screen was erased with a monochromatte light source, as 
5 is more representative for erasure with an electroluminescent lamp. 

[0109] For this purpose, a laser emitting at 685 nm was used and its beam was expanded to give an intensity of 
0.125 mW/cm^ on the screen to be erased. 

[0110] In a first measurement the screen was homogeneousiy irradiated with a dose of 48 mR at 80 IcVp, 
[01 1 1} The screen was read out with the above-described scanner, and the SAL was measured. This measurement 
w yielded the SAL41 value tor the CsBrEu screen (Tabie 2). 

[0112] Next, the CsBrEu screen was homogeneously in^diated with a doses ranging from 1 67 mR to 115 R and 
erased with the laser set-up for 1 to 1 00 s (Table 2). 

[0113] After erasure, the screen was read out with the abovedescribed scanner, and the SAL was measured. The 
measurements yielded the SAL42 to SAL48 values given in Table 2. 
rs [0114] Erasure depth, defined as the SAL after erasure divided by the SAL prior to erasure was calculated using 
the equation: 

E d = SAL^x X 50 / (SAL 4^ X Dose(x)) (2), 
20 where the factor 50 / Dose{x) corrects for the difference in dose in the measurements. 



Table 2 



Measured SAL values and calculated E^ value for the CsBnEu^^ screen for 
monochromatic erasure at 685 nm 


Measurement 


X-ray dose (mR) 


Erasure time (s) 


SAL(V) 


Ed 


41 


48 


0 


917 


1 


42 


167 


1 


842 


2.610*'' 


43 


167 


2 


399 


1.310'^ 


44 


234 


5 


142.5 


3.210-2 


46 


1,026 


10 


95.6 


4.9 10-3 


46 


25,400 


20 


323 


6.6 10"* 


47 


50.500 


50 


53.4 


5.5 10-S 


4S 


115,000 


100 


17 


7.7 10*^ 
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[01151 T^e results in Tabte 2 demonstrate that an erasure time of ca, 80 s is required in the used set-up to reach 
the desired erasure depth of 3 10'^. 

[0116] With an erasure Intensity of 0.125 mW/cm^, this corresponds to a required enasure power of 10 mW/cm^. 
[0117] In other words, if a monochromatic erasure source, or an erasure source with a relatively narrow emission 
45 spectmm is used to erase the CsBrEu screen and if the erasure wavelength is in the region of the stimulation spectrum 
of CsBr:Eu, which extends from 600 to 750 nm, an optica! power of ca. 1 0 mW/cm^ is needed to reach the desired eras- 
ure depth of 3.10"^. 

Ctalnra 

so 

1 . A method of reading a radiation image that has been stored in a photostimulable phosphor screen comprising the 
steps of 

(1) stimulating said phosphor screen by means of stimulating radiation, 
55 (2) detecting light emitted by the phosphor screen upon stimulation and convert3ng the detected light into a sig- 

nal representation of said radiation image, 

(3) erasing said phosphor screen by exposing it to erasing light, wherein 

(4) said phosphor is a divalent europium activated cesium hallde phosphor wherein said haiide is at least one 
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of chloride and bromide, iand ~~ " — — - — - — 

(5) said erasing light is emitted by at least one electroluminescent lamp. 

2. A method according to claim 1 wherein said electroluminescent lamp is based on an inorganic electroluminescent 
5 pho^hor. 

3, A method according to daim 1 wherei n said electroluminescent lamp is based on organic electroluminescent mate- 
rials. 

10 4. A method of reading a radiation inrtage that has been stored in a photostimulable phosphor screen according to 
claim 1 modified in that said erasing light is emitted by at least one an^y of light emitting diodes. 

5. A method according to daim 1 wherein said a phosphor is obtained by the following steps: 

15 - mixing CsX with between 10'^ and 5 mol % of a Europium compound selected from the group consisting of 
EuXa. EuX^a and EuOX\ X* being a member selected from the group consisting of F, CI, Br and I, 
firing the mixture at a temperature above 460 **C 
cooling said mixture and 
recovering the CsX:Eu phosphor. 

20 

6. A method according to daim 5 wherein said phosphor screen is obtained by the steps of 

preparing said CsX:Eu phosphor by firing a mixture of said CsX with between 1 0-3 and 5 mol % of an Europium 
compound selected frdm the groi^ consisting of EuX'2, EuX'3 and EuOX*, X' being a hallde selected from the 
group consisting of F, CI, Br and I and 

applying said phosphor on a sU^strate by a method selected from the group consisting of physical vapour dep- 
osition, thermal vapour deposition, chemical vapour deposition, radio frequency deposition and pulsed laser 
deposition. 

3D 7. A method according to daim 5 wherein said phosphor screen Is obtained by the steps of 

bringing multiple containers of said CsX and an Europium compound selected from the group consisting of 
EuXg, EuX'3 EuOX', X* being a hallde seiected from the group consisting of F, CI, Br and i in condition for 
vapour deposition and 

depositing, by a method selected from the group consisting of physical vapour deposition, thermal vapour dep- 
osition, chemical vapour deposition, electron beann deposition, radio frequency deposition and pulsed laser 
deposition, tx>th said CsX and said Europium compound on a substrate In such a ratio that on said substrate 
a CsX phosphor, doped with between 10'^ and 5 mol % of an Europium compound, is fonmed. 

40 8. An apparatus for reading a radtation image that has been stored in a photostimulable phosphor screen conoprislng 

a source of stimulating radiation arranged for emitting stimulating light and directing said light onto a photostim- 
ulable phosphor screen, 

a transducer for converting light emitted by said phosphor screen upon stimulation Into an electrical signal, 
45 • an erasing unit for erasing said photostimulable phosphor saeen after having been stimulated, wherein 

said screen comprises a divalent europium activated cesium hallde phosphor wherein said hallde Is at least 

one of chloride and bromide and 

said erasing unit comprises an electroluminescent lamp, 

50 9. An apparatus according to claim 8 modified in that said erasing unit comprises an array of light emitting diodes. 

10. An apparatus according to claim 8 or 9 wherein said phosphor is obtained by the following steps: 

mixing CsX with between 10'^ and 5 mol % of a Europium compound selected from the group consisting of 
55 EuX'2. EuX'3 and EuOX', X' being a member selected from the group consisting of F, CI, Br and I, 

firing the mixture at a temperature above 450 °C 
cooling said mixture and 
recovering the CsX:Eu phosphor. 
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~1i r An apparatus according to daton 1 0 wherein said screen Is otrtalned by the steps of — — — 

preparing said CsX:Eu phosphor by fuing a mixture of said CsX with between 1 0-3 and 5 mol % of an EuropHjm 
compound selected fronn the group consisting of EuX'2, EuX*3 and EuOX', X' being a halide selected from the 
5 group consisting of F, CI. Br and I and 

applying said phosphor on a substrate by a method selected from the group consisting of physical vapour dep- 
osition, themnal vapour deposition, chemical vapour deposition, radio frequency deposition and pulsed lasar 
deposition. 

10 12. An apparatus according to claim 1 0 wherein said phosphor screen is obtained by the steps of 

bringing multiple containers of said CsX and an Europium compound selected from the group consisting of 
EuX'2, EuX'3 and EuOX*. X' being a halide selected from the group consisting of F. CI. Br and I in condition for 
vapour deposition and 

IS - depositing, by a method selected from the group consisting ofphysical vapour deposition, thermal vapour dep- 
osition, chemical vapour deposition, electron beam deposition, radio frequency deposition and pulsed laser 
deposition, both said CsX and said Europium compound on a substrate In such a ratio that on said substrate 
a CsX phosphor, doped with between 1 0"^ and 5 mo! % of an Europium compound, is fonned. 

20 13. Are-usable radiation detector comprfeing 

a photostimulable phosphor screen, 

at least one source of stimulating tight arranged for stimulating said phosphor screen, 
an array of transducer elements arranged for capturing light emitted by the phosphor screen upon stimulation 
25 and for converting said light into an electrical signal representation, 

an erasing unit comprising an electroluminescent lamp arranged so as to tliumlnate said phosphor screen 
when being energised, 

means for transporting an assemWy of stimulating Hght source, erasing unit and array of transducer elements 
relative to the phosphor screen, 
30 - an enclosure enclosing said photostlmulable phosphor screen, said assembly of stimulating light source, eras- 
ing unit, said array of transducer elements, said means for transporting said assembly. 
Interfacing means for connmunlcating said electrical signal representation to an extemal signal processing 
device. 

35 14, A re-usabfe radiation detector according to claim 13 modified In that said erasing unit comprises an array of light 
emitting diodes. 

15. A detector according to claim 13 or 1 4 wherein said electroluminescent lamp Is based on an inorganic electrolumi- 
nescent phosphor. 

40 

16. A detector according to claim 13 or 14 wherein said electroluminescent lamp Is based on organic electrolumines- 
cent materials. 

17. A re-usable radiation detector according to 13 or 14 wherein said phosphor screen comprises a divalent europium 
45 activated cesium halide phosphor wherein said halide is at least one of chloride and bromide. 

16. A ctetector according to claim 17 wherein said phosphor Is obtained by the following steps: 

mixing CsX with between 10'^ and 5 mol % of a Europium compound selected from the group consisting of 
so EuX'2, EuX'3 and EuOX', X' being a member selected from the group consisting of F, CI, Br and I, 

firing the mbcture at a temperature above 450 ''C 
cooling said mixture and 
recovering the CsX:Eu phosphor. 

55 19, A detector according to claim 1 7 wherein said phosphor screen Is obtained by the steps of 

preparing said CsX:Eu phosphor by firing a mixture of said CsX with between 1 0-3 and 5 mol % of an Europium 
compound selected from the group consisting of EuX'2. ^^^3 and EuOX', X' being a halide selected from the 
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group consisting of F, CI, Br and I and . . - 

applying said phosphor on a substrate by a method selected from the group consisting of physical vapour dep- 
osition, thern>al vapour deposition, chemical vapour deposition, radio frequency deposition and pulsed laser 
deposition. 

5 

20. A method according to claim 1 7 wherein said phosphor screen Is obtained by the steps of 

bringing multiple containers of said CsX and an Europium compound selected from the group consisting of 
EuX'2, EuX'3 and EuOX", being a halide selected from the group consisting of F. Cl, Br and 1 in condition for 
10 vapour deposition and 

depositing, by a method selected from the group consisting of physical vapour deposition, thermal vapour dep- 
osition,, chemical vapour deposition, electron beam deposition, radio frequency deposition and pulsed laser 
deposition, both said CsX and said Europium compound on a substrate in such a ratio that on said substrate 
a CsX phosphor, doped with between 10*^ and S moi % of an Europium compound, is formed. 

15 
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